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§2. Cal ibration of ECE Spectrum 
Nagayama, Y., Inagaki, S., Kawahata, K. 
By calibrating ECE spectrometers, the 
electron temperature can be measured using the 
ECE spectrometers. In LHD, the ECE, which is 
collected by the outer antenna and is detected by 
the Michelson spectrometer, can be absolutely 
calibrated using the calibration sources. In this 
case, the quartz window of the calibration port is 
removed. Figure l(a) shows interferograms 
from calibration sources with different 
temperature. The cold source is ECCOSORB 
AN72 soaked in liquid nitrogen in a stainless-
steel Dewar bottle with the inner diameter of 18 
cm and the depth of 25 cm. Microwave from the 
cold source is reflected with an aluminum alloy 
mirror. The room temperature source is also 
ECCOSORB AN72. The hot source is a electric 
heater with the 20 cm square hot area, of which 
temperature is precisely controlled. In this 
calibration, the temperature is set at 800K, but 
the radiation intensity is equivalent to the-
temperature of 770K comparing to the 77K 
radiation. A possible reason is as follows: the 
controller measures the averaged temperature in 
the hot source, while the surface of the hot 
source is cooled by the breathing wind from the 
LHD port, since the LHD vacuum vessel is 
slightly pressurized. 
The spectra of hot source and cold source 
is proportional in the whole frequency range, as 
shown in Fig. 1 (b). Since the emission from the 
calibration source is so weak that the gain of the 
pre-amplifier is set high, and the signal is 
amplified by a low noise amplifier. 
Interferogram is averaged over 3.5 million scans 
for the room temperature source and 2 million 
scans for the hot source. Suppose ~ the 
interferogram from the source of the temperature 
T. the calibration factor CF is determined by J' 
CF = A r; - 1; 
P F[ 12 (x) - II (x)] 
where A is the total gain of the amplifiers, 
F[z(x)] is the Fourier transform of the function 
z(x), and x is the displacement of the moving 
mirror. The gain of the pre-amplifier is obtained 
using the Michelson spectrometer and the high 
pressure mercury lamp. Here, P is the factor 
due to the phase difference between the measured 
phase and the X-mode. In LHD, the angle of the 
X-mode is not as rigid as in tokamaks, but it 
depends on the size of the plasma. The factor P 
is obtained by the polarization measurement. 
The radiometer and the GPC is cross-
calibrated to the Thomson scattering when the 
electron density is high and the electron 
temperature is moderate. The cross-calibration 
is performed using 5 or 10 shot with slightly 
different plasma parameters. The electron 
temperature measured with the Michelson, the 
radiometer and the Thomson scattering are 
consistent. 
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Fig. I: Signals of Michelson system from the 
calibration sources. Dips at 84, 168, 252, etc 
GHz are due to the notch filters of 82.6 GHz and 
84 GHz. 
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